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T e d n a L  Statement for Research 
Grant No, NsG 222-61 

T h i s  research has been csrncerned chfefly wi th  Rb-Sr 
age studies of t e k t i t e s  a d  studies @f t h e  major element 
canpos i t ions  0f tektites. 
have been made, both fn con t r ibu t ions  to t h e  bulk  of t h e  
chemical data CPII tektites a d  to t h e  theory of origin of 
t h e  t e k t i t e s ,  The r e s u l t s  of mast of t h i s  wark has been 
publbshd ,  and the publixations which have been sgorns~r& 
by NASA Research Grant Ma, NsG 222-61 are listed at t h e  . 
end of c h i s  t e rdml  r e p o r t ,  along wfth abstraccs from 
sme of the pub l i ca t ions ,  professional paper presenta t ions ,  
and t h e s e s ,  

Th i r ty - f ive  new major element ana lyses  of tektites 
(Sehnetzler  and Pinsm, 1964a, 1964b) have been published, 
and a n  additional twenty-three analyses og mldavites is 
now i n  press ( P h i l p o t t s  a d  Pinson, 1965), The s i g n i f i c a n c e  
of t h i s  work is two-fsld. Z t  has p r M e d  a substantltal. 
i n c r e a s e  i n  t h e  number of re lbble  ana lyses  of tektites 
frau t h e  varfaus l ~ l i t i e 8 0  Barnes (1940, U, of T s x a s  
Publ, Noo 3945) had carapiled sixty-@ne published analyses, 
Of t h e  n i n e t y  analyses published subsequent to t h i s  
canpilation by Barnes, f i f t y - e i g h t  are our woxk. We 
consider these analyses ta be e s p e c i a l l y  t rustworthy 
because they were a l l  c a r e f u l l y  manitere8 us ing  G-1  and 
W-1 as accuracy standards a d  because a l l  af t h e  antalybles 
were accQimplic3hed i n  one labsratory, giving 8 uniformity 
of q u a l i t y  to them, The eamlyelcal  data for t h e  twenty- 
t h r e e  umldavites has been used (Ph i lpo t t s ,  1965; P h i l p s t t s  
and Pinawn 1i965) to  d-trate t h a t  t h e  chedoa l  vari- 
a b i l i t y  of t h e  moldavites is due t6 a process  of selective 
v o l a t i l i z a t i o n  du r ing  t h e  f u s i o n  event ,  rather than to 
chemical d i f f e r e n t i a t i o n  due to any numa1 igneous 
~roce8seso The invarbnt  S x  i s o t o p i c  csmposi t isn of t h e  
msldavites (Pinsan, Schnete le r ,  P h i l p o t t s ,  and Fairbabrn, 
1966) coupled w i t h  t h e i r  v a r i a b l e  chemical compesit ions,  
and t h e  nega t ive  ccmxhtigna between the alkali and 
a l b l i n e  e a r t h  elerarents suggests that. t h e  parent material 
of t h e  moldavites was ab n e a r l y  castant  chemical a d  Sr 
isstopbc coarposftisan t h r m g h m t ,  and that t b e  present 
wrlsti.cans i n  cheaDlecda1 csllglpmitAtSna are due to  selective 
velati l isatien,  
s t r eng thens  this t:fimaryo 

I n  t h e m  two areas contributigns 

,Xdh&r &tra far the W a x y  C a n s t  tektites 
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The Rb-Sr age correlation s t u d i e s  of tekti tes a t  
first led u s  t o  b e l i e v e  t h a t  t h e  t e k t i t e s  had been 
splashed off t h e  suxface of same extra terrestrial 
p l a n e t ,  possibly the Mmm, 
believe to be e:rrone@us, was based 8n t h e  discovery t h a t  
t h e  southwest P a c i f i c  t e k t i x e s ,  t h e  moldavites, and t h e  
North American tektites b r m  a 400 millien year Rb-Sr 
isochron (Schnetzler  andl Pinsan, 1964) 
of t h r e e  separate mteczlrite impacts f u s i n g  rocks of jus t  
t h a t  age (400 meye) s e e d  80 high t h a t  we suspected 
tbt the Lmpacts must haue occurred 9rz the surface of 
ano the r  p l a n e t  and that t h e  surficbl roeb ( to  a depth 
of perhaps a k&lmeter) b)ri that planet were of uniform 
Rb-Sr age, 
samples of Ivory C a s t  tektites, 
u n t i l  r e c e n t l y ,  when w e  acquired a large c o l l e c t i o n  of 
Zv6n-y C o a s t  t e k t i t e s ,  R e s u l t s  of work an theee  samples 
(Schnetzler and Pinson, and Hurley, 1965) show t h a t  t h e  
Ivory C o a s t  tektites indeed -- do n o t  fa l l  on t h e  400 m.y, 
isochron, b u t  1Le a an isochron 2000 m,yo old, wi th  
rocla frm the v i c i n i t y  of t h e  Bssumtwf Crater in G h a n a ,  
Impact glasses fram t h e  crater arm also l i e  en t h i s  
isochren, Like t h e  mekiavites,  t h e  Ivory C a s t  tektites 
have a h m t  i n w r h n t  Sr &hs@topic camposititms, b u t  
variable c h d c a l  cmposithns, 
t h a t  vary over a range of about 30% 

&O,Af% age of t h e  moldmites o€ 15 m o y .  i s  i d e n t i c a l  t o  
theage of t h e  R i e s  Massel basin meteorite inpact cratezo 
The v a r i e t y  of rock types of ages ranging from middle 
Paleozoic  (at depth) to Miocene xuabs a Rb-Sr age af 
400 moyo I not unreasonable for glass ( t h e  wldavites) 
derived frsm t h e  f u s h m  of such rocks, 

Hore  convincing is t h e  data for the Xvory Csast 
tektites and t h e  rocla and 18mgact glaes of t h e  Bosumtwi, 
crater. &OM40 ages of 103 m o y ,  fm both  have been 
repor t ed  by o t h e r  warker8, end our Rb-Sr isochron age of 
2000 may, far both €8 taken as evidence that  t h e  I v q  
Coast t e k t i t e s  were fused frmn ancient country rocks a t  
t h e  Bosumtwi crate: sLte, 

Ivory Cmst tektites, 
phys ica l  charactere, etc, ef t h e s e  tektites are typical 
of t h w e  of tektites, 80 that, i f  it has been demonstrated 
t h a t  t h e  1tvoz-y Ca~tsf: tektites a d  t h e  mldav&tea are 

This  h y p g t h e s b ,  which we now 

The knprobability 

To euwther check our hypethoasis w e  needed 
These were unobtainable  

Both have Rb/Sr ratios 

hsls been dentanstrated by other workers t h a t  t h e  

We p r e s e n t l y  possess a very f i n e  CQlleCtim of 715 
The ecrmposftims, shapes, 
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. 

t e r r e s t r i a l l y  derived by impact from adjacent craters 
located 8t distances of several hundred kilaneters, then 
the  other two tektite groups probably w e r e  similarly 
derived fran terrestrial craters whose locations are c ~ 8  
y e t  u n d i s c ~ e r e d ~  

shapes of tektites, and h i s  t heo re t i ca l  and experimental 
demonstration t h a t  these tektites must have been extra- 
terrestrial remaim a fonrPddable refutat ion of a 
tezxestris!. crigin, 8Gd i s  fr' prsdazfa1  COiiLCLICt: idtti 
t he  present K/A a d  Rb/Sr age data which so strmgly 
suggest# a terrestrbal. origin far two QS t h e  four groups 
of t e k t i t e s ,  We can suggest t h a t  sfme mechanism for 
remvin. t h e  atmosphere from t h e  region of t he  metearite 
impact Site blas t  exist8 t h a t  is  net  as yet understood, 

In conclusion, it ;Le opinion (Pinson) t h a t  both 
t h e  Ivary C a a s t  and t h e  Czechoslovakian t e k t i t e s  and 
probably the  other  two groups of t e k t i t e 8  are of 
terrestrial origin, 

The impartant wark of Chapman on t h e  oer~dynamic 
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Belw are tabulated 88spe abstracts €ram published 
papers of research suppmted by NdiG 222-61 

A repsort on 8- recent umjta: element analyses of t e k t i t e s  
C O C O  Schneteler a d  W,H, Pinem Jro 
Geschim, et Ceamechimo A c t a  1964, 28, '193-806, 
Abstract- Ferty-t7bta tektites and two "anaertkanites'' w e r e  
p a r t i a l l y  ar completely analyad Ear majar elements, In- 
cluded were 7 mldaviLtcs;P b&hsbte, 2 javadtes, 15 
philippinfees , 1% hda&inftes  a d  5 oustraiites , Bny 
e h d c s l  sMlatrities dare nwxd between the philippinixes 
and f fmbchini te3,  but t h e  &YO grmps appear di f fe ren t  in 
Sam, Al2O3,  Ti02 a d ,  in perrticu;l6lh, CaO cantents,  No 
decrease i n  alkali. element cantent is abaerved Erom fnde- 
ChLna t o  the Phil ippine Islands (Lee west to east) as is ' 

Observd acreas A u 6 t r a l h  
not accmnt fgax t h e  di5ferences i n  the two groups. 
t h e  hdghdr CaQ and S r  contents o€ the phklippini tes  are 
due to contaxrdnatbn of t h e  parent material by limestoned 
The CaO contents of the indochhjttes analysed are dis- 
t i n c t l y  l~wer, and the Bfgo contents higher, than the  
analyssa xa3parted in mxnss (l940), 
to'appros%;tmately 10 per cent ftsr same c s n s t f t u e n t s ,  
a-ist witbin the philbppinites a d  fnc89chbnit=esS and even 
within t e k t i t e s  frm xestrtcted sites, T e k t i t e s  gram two 
sites in t h e  Phtlippine SsLands are idenfiical, within 
experknta l  err-, i,n mean cmpglr;ition, 
chemical charaeker of the austualSte8 and the smtheast 
Asian tekt$tes  strongly suggeat that they represent  one 
Large 6tsa jn  f k e l d ,  
d i ca t e  any systematic chenrdcal variatisn &cram t h e  
CsechgslmkJtan strewn f ie ld,  

Select ive v o h t % l i z a t i o n  can 
Perhaps 

W e a l  variat ions,  up 

The unity O f  

Mew maldavite analyses do not bn- 

I . 
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Variation of  strontium &sotapes i n  t e k t i t e s  
Abstrtyt -86 
of Sr /Sr 
found i n  na ture ,  i n  general agreement with previous 
s tud ies  of oxygen and sillcon isotopes tn tekties, 
and S r  contents of t e k t i t e s  frm a given loca l i t y  are 
very sim;Llar, but differences exist between lscalities, 
There  @ in#Qcated, however, a sympathetic var ia t ion  of 
tbe S r  /Sr and Rb/Sr r a t h s ,  ioe ,  the  t e k t i t e  groups 
have age values  of a p p r a x h t e l y  400 moyo If t e k t i t e s  
were derived fram tne Meon, and r'n s u r  ce of the M m  
is old (4,s b o y o ) ,  t h e  observed Sr87/Sr' ratios c m l d  
not have been developed by a chondritfc,  g ran i t ic ,  OIT 
t e k t i t i c  surface material, but could have been generated 
by a basaltic type material, 
t e k t i t e s  from a basaltic type surface material during a 
high temperature f u s i u c  implies extreme fract ignat ion in 
a dt rec t ion  contrary t o  expectation. A second pcassibittty 
is that t h e  Moon has undergone d i f f e ren t i a t ion  within t h e  
laat 500 moyo 

ratios is q u i t e  small compared to t h e  range 

Rb 

Hawever, p r d u c t i s n  sf 

Camparison of the R b S r  age of t he  Basumtwi  crater area , 
Ghana, w i t h  the age of the Xvory Csast tektites 
C, C, Schnea le r  
Submitted ta Science bar publ ica t im,  October 1965 
Abstract- Rocks from the v ic in i ty  of Besumtwi  crater, 
G h a n a ,  and a representative collection of Wary C o a s t  
t e k t i t e s  have been analyzed ma88 spec t romet r i a l ly  fsr 
rubidium, strontium, and stxentfum isot6~pic  coraposition, 
The data pan the crater area rocks 
1,97 x 10 years (2 Bb = L47 x 10°l&earol)a The IVQ- 
C o a s t  t e k t i t e s  p lo t  on thls isechxon, T h i s  i den t i ty  of 
age va lues  far the lvery b s t  tektites and t h e  B i r r i d a n  
basement rocks ef West Africa st rongly supports t h e  
hypothesis of terrestrial fonmtian for these  t ek t i t e s '  
The evidence a v a i l a b h  a t  present suggests t h e  Ivory 
Coaw t e k t i t e s  are w e t  probably the fusion products of 
meteoritic impact at the Bosumtwjb crater site, 

ield an  age of 

XC/U ratios in t e k t i t e s  
W,H, Pinsun, Jr,, J,A, Phllpot ts ,  a d  CQCv Schnet t ler  
Journal of Geophysical Remarch ,  ~ ~ 7 0 ,  Noel%, June 13, 1965 

Abstract- URb weight ra tb8  and hdividual  K and Rb 
contents are repsrrtd fm 54 t e k t i t e s ,  Twenty-nine ~f 
tbese analyses dare n m o  The ranges of K/Rb r a t i a  



K/Rb ratios i n  t e k t i t e s  
Ab8 trac t 
found i n  t h e  present investigation for tektite8 f rom th8 
d i f f e r e n t  localities are: australite, h5l-L85, 4 samples; 
javanite, 162; phf l ippinftes ,  169-1910, 7 samples; indo- 
ch id te s ,  166-178, 8 samples; ahwry Coast, 209; proldavites, 
197-238, 30 samples; North America, 249-267, 3 eamples, 
Thus the Badfie: area, North American, and Ceeeka~slmkian 
tektites fa l l  into  three  dhtinct$ve K6Rb r a t h  groups, 
Potassium wa8 deterdned by flame photometry, 23 of the 
rnoldavfte analyses being confbned by X-ray fluorescence, 
Rubidium was determined by X-ray f luorescence with 
standardization and numerous cram checks by mass- 
spectrometric and s table-bsotope-d~lut ion analyses. G-l 
and W-l were used as a n a l y t i c a l  w n i t ~ r s .  Precision and 
accuracy for the ratios are b e t t e r  that 2 4X0 Variations 
of the  K/Rb ratios within  a group are interrupted 8s 
r e s u l t i n g  from diEEerentia1 volarllization rates for K 
and Rb during high-temperature fusion, whereas differences 
between the  geographical groups are thought to reflect 
initial canposit ional  variations bn t h e  parent materials. 

. 

e 



. I  



* .  
- r  

-8 

Si0 7 0 . 8  7 a ..b 0 7002 71 > 3  

Fers 4,3Q 4:,37 5 08S 3 .,95 



American Geophysical Union Program 
Abstracts f o r  A p r i l ,  1196.5 



Abstracts from Theses 

(1) Yohn Aldwyn Phltlpetts The Chemical ClsmpasitBm and 
migin of Wldavftes 
Submitted to she Department of Geology and Geophysfcs 
a t  # , I ,T ,  in b%axch, 1965, i n  p a r t i a l  f u l f i l l s l e n t  oE 
the requirements €01" the degree of D o c t o r  of PhSlesophy, 
Abstract: 
moldavitea are reporzed, 
Bohemian and six Emavian ~ e k ~ i c e s i ~  The rsnges Ln the  
contents of the  variws inwides are as folEms: 
75,s - 8Q06;  A&$~J, 9,62 .. l l Z R 6 4 ;  Ti.%, 0,268 - 6,4 0 ;  
F e ~ 0 3 ~  Oo12 0 003L; FeO, 1,42 - 2,36; MgO, 1,13 ., 2 , s ;  
CaQ, 1.46 - 3071; NazO, 0,3f - 0,67; K20, 3,26 
The Rb and Sz cantents and the  W/Sr ratios are also 
reported for the 23 specimens; the  ranges are as 

Rb/Sr. 0,432 - 1,20, The sgectfic gravity and re- 
read ve index values range from 2-3312 to 2,3718 

significant ne&=;bve correlations between the  alkali 
metals (Na a d  Rb) and the  a l b l d n e  earths .  The 
v a r i a t h m  tn the chem3cta8 cmposithon of maldavlbtes 
wm18 seem to be unlike those of sedhentasy or 
igneous rmks, E t  is quggested that the parent 
nrateriat sf the  mldliavites was of constant chemical 
cmpos~g.tcn thrcwghwt end that  t h e  praserzt vari- 
ations in ccampo8Lhi.ian are due largely to selective 
vohatihh8tbn. 'lCh8 w u e  range of Rb/Sr ratio8 &-i 

conjunctten with the u n i f d t y  of the  Sr i s o t o p i c  
CQQIPQ~%~%CG supports t h i s  suggestion, 
data i8 brdedly excam2ned in terms of selecthe 
vellcatJblizatisn, 
Ries crater rmay have been produced by the impact of 
the  meldavite parent-bedy. 

Twenty three new major-element analyses  of 
The samples include seventeen 

s?s 

3,81. 

fdlckss: Rb, 128 0 160 ppm; Sr, 138 - 156 p p ;  

&m/cm 3 and frm 1,486 t~ 1.~495, respecti.vcky, 
contrast to t h e  a u s t r a l i t e s ,  the moldavites disphrj - 

The australLte 

It $s suggested that the  Nmdltngen 
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Abstracts fran Theses 

(2) Jae-Young Hwang 
The concent ra t ion  of each element found ranges fran 
848 t o  1220 in barium, 18 to 27 i n  l i thium, 61 t o  153 
i n  s t ront ium, and 94 to 155 i n  rubidium wi th  average 
relative deviations of 15-5, 8 0 9 ,  21.1, and 13,lX 
r e s p e c t i v e l y ,  
The relative accuracies of s t ron t ium and rubidium 
determinations by spec t rographic  method was compared 
w i t h  those  by X-ray fluorescence analysis with  
average errors of 29,Q and 1405% r e spec t ive ly .  
The regitma1 variations of t h e  elements i n  t h e  
Meldavl&es were found i n s i g n i f l c a n t  w i t h i n  t h e  
experimental  errors. 
On t h e  basis of strontium, rubidium, and l i t h i u m  
con ten t s  i t  was found t h a t  t h e  Moldavites are most 
similar to t h e  low-calcium granite, whLle rubidium- 
stront&um ratio most c l o s e l y  resembles to t h a t  sf 
shale, 
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Pub l i ca t ions ,  spansored by NsG 222-61 

Chase, JcWo, Schnetzler, COCO, Caamenske, G o K O ,  and 
Winchester, J,W, 1963, Rare s a r t h  element content 
of a t e k t % t e ,  J .  a€ Gcaph4rse Reso , 68, 577-579, 

H w a n g ,  Jae Young, 1964, Spectrachem3?al a n a l y s i s  of t h e  
yoldzavites, M, S o  Thesis a t  th@ Masla. I n s t i t u t e  of ‘6) 

mn-k-al  f ~ L . . L W S . e g y  0 

P h i l p o t t s ,  Y A, 1965, The chemical cqcasjttion and origh 
of lrnoldavites, Ph,D, Thesis at che B!aes. I n s t i t u t e  of 
Teshnolsgy 

Phi1pot:ts, 3A0, and Pinsan, W o H o ,  1965, The chemical 
camposition and origin of mldavites, ( in  press), 
submit ted to Science i n  October 19650 

P1’Lnsm, WoHOD Ph;blpotts, L A o ,  and Schnetz le r ,  COCO,  
I d R b  ratdos i n  tektites, 1965, Lo of Geophys R e e .  , - 70 8 No6 12, 2889-2994 

Pins-, W,H, d a d  Schnets le r ,  COCO , 1962, Rb-SI: carrelatian 
of t h r e e  tektites and their supposed s e d h t s r y  
matrices, Nature, Lendon, a, 233-234. 
Fairbairn, H,W, 
prepared and to be submitted to 2. - of Geophys, _Rase, 

Pinson, WoHOO Schne tz l e r ,  CcCo, P h i l p o t t s ,  &Ao,  and 
1966, Rb-Sr age study of moldmitea, 

f a  PubliCatiOne 

Schnettler, COCO, and Pinson,  W o H B ,  1963, The Chemical 
C s a p o s i . t i a n  of T e k t i t e s ,  Chapter 4 in the book, 
T e k t i t e s ,  edited by John A, O’Keefe, The Univers i ty  
of Chicage Prcbls, 95-129, 

sane recent major element analyses Of tektites, 
Geochim. et Cosmochim, A c t a ,  - -  28, 793.806, 

S c h n a t d e r ,  C O C O S  and Pinson, W o H a ,  1964, A repoot an 

- 
Schne tz l e r  , C,C ,, and Pinson, W b H o ,  1664, Variatian of 

Sr %sotopea,- in tektites Ge@chSmo Cssmachkno Acta - 28, 953-969, 
Schnetz le r ,  C,C, P i n s e n ,  WoH, and Hurley, PA, 1965, 

C ~ a 4 ~ 1 ~ i s o n  of t h e  Rb-Sr age of the Bosumtwi  crater 
area, Ghana, with t h e  age of t h e  Ivory Coast tektites, 
( i n  press), submi t ted  t o  Science in October 1965, 


